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MODELING PLATFORMS, TERRACES AND COASTAL EVOLUTION
Terraces and their associated platforms and sea cliffs are the wave-cut and wavebuilt features associated with the land-water interface of seacoasts and lake shores.
Along ocean coasts, they are the primary signature of the stillstands in water level during the transgressions and regressions of Pleistocene and Holocene epochs. The mechanics of terracing are fundamental to understanding the evolution of today's coastlines with their platforms, sea cliffs, barriers, spits, and capes. Coastal evolution models must incorporate processes that treat sediment transport and deposition as well as the abrasion and cutting of bedrock formations. This can be accomplished by coupled models, one treating the mobile sediment and the other the bedrock cutting.
Background
Early studies of terraces, platforms, and sea cliffs include the work of de Beaumont (1845), Cialdi (1866) , Fisher (1866) , and Gilbert (1885). Gilbert's study of the active topographic features along the shores of the Great Lakes, supplemented by the visually distinct sea levels of the Pleistocene fossil shores of Lake Bonneville in Utah, provided the most detailed insight into the formation of platforms and terraces. He describes the wave-quarried hard rock platforms as wave-cut terraces backed by sea cliffs and the depositional features comprised of littoral drift as wave-built terraces. He also studied the terrace relations to changing lake level. Emery (1960) , Shepard (e.g., 1963) , and others used this nomenclature with marine terrace as a more general term for wave-cut and wave-built terraces along ocean coasts.
However as pointed out by Trenhaile (1987) , platforms may not be wave-cut but formed by other processes such as solution. He prefers shore platform as a more general term for rock surfaces of low gradient within or close to the intertidal zone.
He uses the term wave-cut terrace to refer to the specific category of platform formed by waves (Trenhaile, 2002) . Sunamura (1992) classifies shore platforms developed during the present sea level as (a) sloping, (b) horizontal, and (c) plunging cliff. A more descriptive nomenclature for the latter two would be (b) step platform and (c) submerged platform. Generally types (a) and (b) develop from cliff recession, with the step in platform (b) caused by differential erosion of rock strata. Plunging cliff platforms have sea cliffs that extend below the present water surface before joining a submerged platform. The submerged platform is a remnant feature from rapid sea level rise and/or land subsidence. In what follows 3 we will discuss numerical modeling of wave-cut terraces. These features consist of rock platforms backed by sea cliffs that were formed during the present stillstand in sea level as well as relic terraces now found on the continental shelf buried under Holocene sediment (Figure 1 ).
The present configuration of coastlines and their associated terraces and sea cliffs retain vestiges of the previous landforms from which they have evolved.
Coastal evolution is a Markovian process where the present coastal features are dependent on the landforms and processes that preceded them (Inman and Nordstrom, 1971) . This means that modeling coastal evolution must move forward in time from past known conditions and be evaluated by the present before proceeding to the future. Thus paleocoastlines with their wave-cut terraces become time and space markers for modeling coastal evolution.
Numerical modeling of landforms
Physical models have provided insights and guidance to many of the processes leading to coastal evolution (e.g., Inman, 1983; Sunamura, 1992) . Generally these efforts are limited by the uncertainties between laboratory experiments and the time and space scales of the landforms they represent. These uncertainties are 
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4 circumvented by numerical models where the temporal and spatial scales of the landforms are applied to the laws governing geomorphology.
Numerical modeling of landform evolution is a rapidly expanding field driven by the need to understand the environmental consequences of climate change and sea level rise. Numerical modeling has been enabled by the revolution in computational power, graphical representation, and ever expanding digital databases of streamflow, wave climate, sediment flux, and landform topography (Inman and Masters, 1994) . Several 2-dimensional models have been developed for the formation of wave-cut and wave-built terraces at various sea levels. Storms Hancock and Anderson (2002) . Developed for the formation of strath terraces in the Wind River valley during the Quaternary, the model includes sediment transport, vertical bedrock cutting that is limited by alluvial cover, and lateral valley-wall erosion. When reformulated for wave-forcing and sea level change, their approach is applicable to wave-cut terraces.
Architecture of a coastal evolution model
Here, we describe the broad outlines of a 3-dimensional coastal evolution model developed under funding from the Kavli Institute The LCM (Figure 2 , upper) has been used to predict the change in shoreline width and beach profile resulting from the longshore transport of sand by wave action where sand source is from river runoff or from tidal exchange at inlets (e.g., Jenkins and Inman, 1999) . It has also been used to compute the sand level change (farfield effect) in the prediction of mine burial .
Bedrock erosion
The BCM ( The erodibility for platform abrasion increases with the 1.6 power of the local shoaling wave and bore height, commensurate with the energy required to move the cobbles in the basal conglomerate that abrade the bedrock platform ( Figure 1) . As a consequence, recession by abrasion is a maximum at the wave breakpoint and decreases both seaward and shoreward of that point. In contrast, the erodibility of the notching mechanism is a force-yield relation associated with the shock pressure of the wave bore striking the sea cliff (Bagnold, 1939; Trenhaile, 2002) . The shock pressure is proportional to the runup velocity squared, and its field of application is limited by wave runup elevation. Wave pressure solutions (Havelock, 1940) give a notching erodibility that increases with the square of the wave runup height above water level.
An example of terrace cutting by the BCM is shown in Figure 4 where a constant sea level rise of 100 cm/century over a continental shelf sloping 2% was interrupted by a 1000 year stillstand. The wave cutting was driven by a two decade continuous wave record reconstructed for the southern California shelf by wave monitoring . This data was looped 170 times to provide forcing over the 3400 year long simulation. Inspection of the figure shows that the shelf slope receded about 15 m during the periods of rapid sea level rise. During the 1000-year stillstand, a wave-cut terrace was formed with about a 100 m wide wavecut platform and a 2 m high remnant sea cliff. These dimensions are in approximate agreement with evidence of wave-cut terraces along the California coast . However, models of terrace cutting at paleo-sea levels will always require input of proxy wave climate appropriate for the location being 
